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Crystal structureAbstract Epifriedelinol, an antibacterial pentacyclic triterpene was isolated from the methanol
extract of Vitex peduncularis by bio-assay guided separation and the structure of the compound
was elucidated by various spectroscopic methods such as 1H NMR, 13C NMR and single crystal
X-ray Diffraction. The antibacterial activity of epifriedelinol was examined against ﬁve species of
Gram positive and seven strains of Gram negative bacteria. The presence of epifriedelinol in V.
peduncularis and its antibacterial activity were reported for the ﬁrst time.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The genus Vitex belongs to the family Verbenaceae and its spe-
cies are shrubs or trees, present in the tropical and temperate
regions of the world. In India 13 species of Vitex are reported
(Rajendran and Daniel, 2002). Vitex peduncularis ‘‘Mayiladi’’
or ‘‘Malainochi’’ in Tamil, is a tree about 18 m tall. The bark
of this plant is used to cure pains in the chest. Leaves, root
bark or young stem bark are used traditionally to cure malarialfever (Kirtikar and Basu, 1991). In the traditional medicine of
Mizoram, India, leaf, root or bark decoction is orally admin-
istered in the treatment of malaria (Sharma et al., 2001).
Previous phytochemical studies showed that the plant, V.
peduncularis is known to be a source of ﬂavonoids, iridoids,
triterpenoids and ﬂavonol methyl ether (Sharma, 1955; Rao
and Venkateswarlu, 1962; Sahu et al., 1984; Suksamrarn
et al., 2002; Rudrapaul et al., 2014). In the present study,
Isolation of epifriedelinol (CAS# 16844-71-6) from the leaves
of V. peduncularis and the crystal structure and molecular
and its antibacterial activity of the compound are reported.
Epifriedelinol is very abundant in nature (Sainsbury, 1970)
and also has been reported from plants (Rao et al., 1990;
Menelaou et al., 1992; Cambie et al., 1992). But, the detailed
crystal data and antibacterial activity have not been reported
previously. To the best of our knowledge, the presence of
epifriedelinol in V. peduncularis and its antibacterial evaluation
are reported for the ﬁrst time.Wall. ex
2 K. Kannathasan et al.2. Materials and methods
2.1. Plant material
The healthy and well grown leaves of Vitex peduncularis Wall.
ex Schauer were collected from Jamanamarathur (1236010 N,
07853007 E), Javadhu hills, Thiruvannamalai district, Tamil
Nadu, India. The voucher specimen (AUBOT 203) is deposited
at the herbarium, Department of Botany, Annamalai
University, Annamalai Nagar.
2.2. Extraction, isolation and identiﬁcation of antibacterial
compound
The collected leaves were immediately brought to the laborato-
ry, washed with running water and surface disinfected in 10%
Sodium hypochlorite to prevent the contamination by any
microbe. They were thoroughly rinsed with sterile distilled
water. The leaf sample was shade dried followed by oven dried
at 50 C for few minutes and milled in an electrical blender.
The powdered leaves (100 g) were extracted in a Soxhlet appa-
ratus for 72 h with methanol (300 ml · 3). The extracts were
pooled and the solvent was evaporated using a rotary ﬂash
evaporator under reduced pressure at 40 C and used for pre-
liminary antibacterial assay.
Air-dried and powdered leaf material of V. peduncularis
(2.25 kg, 750 g · 3) was extracted in a Soxhlet apparatus, thrice
with methanol (w/v) until the complete extraction. Removal of
solvent under reduced pressure yielded a residue of 90 g. For
bioassay-guided separation, the combined fractions at 50 lg/
disc concentration were tested for antibacterial activity. The
fraction with highest activity was used for further separation.
Glass column of 5 · 60 cm was packed with 400 g of silica
gel (60–120 mesh, Ranbaxy, India) using hexane. Fifty grams
of residue was prepared into slurry with equal amount of silica
gel. It was isolated from the column and eluted with increasing
polarities of organic solvents – hexane:ethyl acetate (9:1), hex-
ane:ethyl acetate (7.5:2.5), benzene:methanol (9:1), ben-
zene:methanol (7.5:2.5) and chloroform:methanol (2:1) and
8, 14, 6, 18 and 10 fractions, respectively were collected (each
fraction 500 ml). The fractions showing similar Rf values in
thin layer chromatography (Merck, Germany, silica gel
60254, 0.25 mm) were pooled together. The combined fractions
(1.6 g) 3–6 of hexane:ethyl acetate (9:1) that showed the high
antibacterial activity was separated in a column (3 · 60 cm)
with 100–200 mesh of silica gel, eluted with hexane:ethyl acet-
ate (9.9:0.1), hexane:ethyl acetate (9.5:0.5) and hexane:ethyl
acetate (9:1) and 6, 8 and 4 fractions, respectively were
obtained (100 ml). The combined fractions (180 mg) of 1–4
of hexane:ethyl acetate (9.5:0.5) were rechromatographed with
hexane:ethyl acetate (9.75:0.25) and hexane:ethyl acetate
(9.5:0.5) and 6 and 4 fractions (50 ml each), respectively, were
obtained. Fifty ml was collected for each fraction. The com-
bined fractions (60 mg) of 2–4 of hexane:ethyl acetate
(9.75:0.25) yielded colourless crystals upon evaporation.
The compoundwas identiﬁed by spectral studies such as, 1H,
13C Nuclear Magnetic Resonance (NMR) and single crystal X-
ray Diffractometer (XRD). 1H NMR spectra were recorded at
500 MHz Spectrometer using deuterated chloroform (CDCl3)
as solvent and tetramethylsilane (TMS) as internal standard.
13C NMR spectra were recorded at 500 MHz on a BrukerPlease cite this article in press as: Kannathasan, K. et al., Crystal structure and ant
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CDCl3 as solvent. All the NMR measurements were made on
5 mmNMR tubes. For recording 1HNMR spectrum, solutions
were prepared by dissolving 10 mg of the compound in 0.5 ml of
CDCl3, while for
13C NMR spectra, about 50 mg of the com-
pound was dissolved in the same volume of the solvent.
Single crystals for the determination of structure were chosen
by an examination under polarising microscope. The crystals
were polished with tissue paper bits. A Polaroid photograph of
a good specimenmounted on a three circle Goniometer was tak-
en to ensure the quality of the crystal. For data collections, Mo
Ka (k= 0.71073 A˚) radiation was used. Bruker and Kappa
apex 2-CCD Diffractometer was used for data collection.
2.3. Antibacterial assay
The isolated compound was screened against ﬁve strains of
Gram-positive bacteria, viz. Bacillus cereus (NCIM 2155),
Bacillus subtilis (NCIM 2063), Bacillus pumilus (NCIM
2327), Micrococcus luteus (NCIM 2376) and Staphylococcus
aureus (NCIM 2901) and against seven strains of Gram-nega-
tive bacteria, viz. Escherichia coli (NCIM 2256), Klebsiella
pneumoniae (NCIM 2957), Pseudomonas aeruginosa (NCIM
5031), Proteus vulgaris (NCIM 2027), Salmonella typhimurium
(NCIM 2501), Shigella ﬂexneri (MTCC 1457) and Shigella
sonnei (MTCC 2597). These standard strains were obtained
from National Collection of Industrial Microorganisms
(NCIM), Biochemical Sciences Division, National Chemical
Laboratory, Pune and Microbial Type Culture Collection
(MTCC), Chandigarh, India.
The antibacterial activity was tested with the 5 lg/disc of
the test compound using Whatman No. 1 sterile ﬁlter paper
discs (6 mm). Ciproﬂoxacin (5 lg/disc) was used as the positive
control and 5% DMSO as blind (negative) control of Muller
Hinton agar medium was prepared (20 ml) in Petri plates
and 0.1 ml of inoculum suspension was placed and uniformly
spread. After drying plates for 5 min, discs impregnated with
the test compound (5 lg/disc) were placed on the media and
incubated at 37 C for 24 h. The diameter of zone of inhibition
(mm) including disc was measured.
Minimum inhibitory concentration (MIC) of the com-
pound was tested in Mueller Hinton broth by broth macro-di-
lution method with the concentrations of 200, 100, 50, 25, 12.5,
6.25 and 3.125 lg/ml. Minimum bactericidal concentration
(MBC) values were determined by plating 100 ll of samples
from each MIC assay tube expressing growth inhibition into
freshly prepared Mueller Hinton agar and the plates were incu-
bated at 37 C for 24 h. The minimum bactericidal concentra-
tion values were recorded as the lowest concentration of the
compound that did not permit any visible bacterial colony
growth on the agar plate during the period of incubation.
These assays were repeated three times.
2.4. Statistical analysis
All the data of antibacterial activities were examined as
mean ± SD. One sample T test was carried out to determine
the signiﬁcant differences (P< 0.05) between the means. The
analysis was carried out using Statistical Package of Social
Sciences (SPSS package software, Version 11.5, Chicago, IL,
USA).ibacterial evaluation of epifriedelinol isolated from Vitex peduncularis Wall. ex
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Crystal system, space group Monoclinic, P21/C
Unit cell dimensions a= 13.4127(7) A˚ a= 90
b= 6.4038(3) A˚ b= 92.335 (3)
c= 29.5509(13) A˚ c= 90
Volume 2536.1(2) A˚3
Z, calculated density 4, 1.123 mg/m3
Absorption coeﬃcient 0.065 mm1
F(000) 960
Crystal size 0.34 · 0.20 · 0.16 mm
Theta range for data collection 0.69–30.27
Limiting indices 18 6 h 6 16,
6 6 k 6 9, 41 6 l 6 41
Reﬂections collected/unique 15,570/4087 [R(int) = 0.0270]
Completeness to theta = 25.00 100.0%
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.9897 and 0.9784
Reﬁnement method Full-matrix least-squares on F2
Data/restraints/parameters 4087/1/293
Goodness-of-ﬁt on F2 1.093
Final R indices [I> 2 sigma(I)] R1 = 0.0536, wR2 = 0.1357
R indices (all data) R1 = 0.0699, wR2 = 0.1549
Absolute structure parameter 0(3)
Extinction coeﬃcient 0.0069(14)
Largest diﬀ. peak and hole 0.393 and 0.248 e.A˚3
CCDC No. 686,802
Crystal structure and antibacterial evaluation of epifriedelinol 33. Results and discussion
One hundred grams of dried leaf powder of V. peduncularis
was extracted with 300 ml · 3 methanol in a Soxhlet apparatus
for 72 h. The yield of methanol extract was 3.9%. The com-
pound, epifriedelinol (Fig. 1) was identiﬁed by 1H NMR, 13C
NMR and single crystal XRD. The 1H NMR spectrum
showed that the proton under the hydroxyl residue (H-3) res-
onates at 3.75 ppm and appears as a multiplet. The J-value
of the entire signal (5.5 Hz) indicated that the hydroxyl group
should be b-oriented, because the a-oriented proton H-3,
adopts the equatorial position and in split by two axial (H-
2a and H-4a) and an equatorial proton (H-2b). The methyl
group at C-4 appears as a doublet (integral corresponds to
three protons) centred at 1.01 ppm. The spectrum also reveals
seven singlets at 0.88, 0.93, 0.95, 1.00, 1.18, 0.94 and 0.98 ppm
belong to the methyl protons at C-24, C-25, C-26, C-27, C-28,
C-29 and C-30 respectively. The other 26 CH protons gave
unresolved absorption at 1.20–1.59 ppm. The hydroxyl proton
(OH proton) at C-3 appears at 2.19 ppm. The 13C NMR spec-
trum of the compound indicated the presence of 30 carbon
atoms (8 methyls, 11 methylenes, 5 methines and 6 quaternary
carbons). Because of the electron with drawing oxygen atom,
C-3 resonates at 72.8 ppm and the signal around 49.2 ppm
belongs to methine carbon at C-4. The methyl group (C-23)
at C-4 appears at 11.4 ppm. Other methyl carbons at C-24,
C-25, C-26, C-27, C-28, C-29 and C-30 appear at 16.4, 18.6,
20.1, 18.2, 32.1, 35.0 and 31.8 ppm, respectively. The quater-
nary carbons at C-5, C-9, C-13, C-14, C-17 and C-20 resonate
at 37.5, 36.1, 37.9, 39.1, 29.6 and 27.8 ppm. Obviously the
remaining signals at 15.8, 35.2, 42.8, 17.5, 35.7, 29.3, 30.0,
35.6, 35.3, 32.3 and 38.9 ppm belong to methylene carbons
at C-1, C-2, C-6, C-7, C-11, C-12, C-15, C-16, C-19, C-21
and C-22 carbons, respectively. The signals at 53.2, 61.0 and
42.4 ppm belong to C-8, C-10 and C-18 carbons, respectively.
The crystal structure of epifriedelinol was studied by single
crystal XRD and the details of crystal data and structureFigure 1 (a) Molecular structure and (b) crystal structure of
epifriedelinol.
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lected for the crystal have been deposited at Cambridge
Crystal Deposition Centre (CCDC), UK (No. 686802). All
the bond lengths and angles are normal. The OH group at
C-3 is axial and the methyl group, C-23 at C-4 is equatorial.
The repulsion between the axial methyl groups which are at
C-5 and C-14 causes a marked bowing of the rings A, B and C.
The results indicated that epifriedelinol produced (Table 2)
zones of inhibition ranging from 14.00 ± 0.58 to
25.66 ± 0.88 mm to all the Gram positive and Gram negative
bacteria. The MIC values were ranged between 6.25 and 50 lg/
ml and the MBC values were ranged between 12.5 and 100 lg/
ml. The highest activity for epifriedelinol was recorded
against S. aureus (zone of inhibition = 25.66 ± 0.88 mm,
MIC = 6.25 and MBC= 12.5 lg/ml), while the lowest activ-
ity was recorded against K. pneumoniae. The compound pro-
duced a mean zone of inhibition of 14.00 ± 0.58 mm, MIC
value of 50 lg/ml and MBC value of 100 lg/ml against K.
pneumoniae. The positive control, produced zones of inhibition
between 27.33 ± 0.58 and 35.66 ± 0.33 mm against all the
bacterial strains tested. The negative control, 5% DMSO
had not exhibited any activity against the tested bacterial
strains. The Gram-negative bacteria were found to be less sus-
ceptible whereas, the Gram-positive bacteria were highly sus-
ceptible to the compound. Mathabe et al. (2008) isolated a
triterpenoid, D-friedoolean-14-en-oic acid (3-acetylaleuritolic
acid) from Spirostachys africana and it showed MIC values
of 50 lg/ml against S. aureus, 100 lg/ml against S. ﬂexneri
and above 200 lg/ml against S. sonnei. Another triterpenoid,ibacterial evaluation of epifriedelinol isolated from Vitex peduncularis Wall. ex
15.02.013
Table 2 Antibacterial activity of epifriedelinol isolated from Vitex peduncularis.
Microorganism Zone of inhibition (mm)a,b Epifriedelinol
Epifriedelinol (5 lg/disc) Ciproﬂoxacin (5 lg/disc) MIC (lg/ml) MBC (lg/ml)
Bacillus cereus 20.33 ± 0.88 34.33 ± 0.33 12.5 25
Bacillus subtilis 20.99 ± 0.58 32.66 ± 0.67 12.5 25
Bacillus pumilus 19.66 ± 0.33 34.00 ± 0.58 12.5 25
Micrococcus luteus 24.66 ± 0.67 34.66 ± 0.67 6.25 12.5
Staphylococcus aureus 25.66 ± 0.88 35.66 ± 0.33 6.25 12.5
Escherichia coli 14.66 ± 0.33 28.67 ± 0.58 50 100
Klebsiella pneumoniae 14.00 ± 0.58 28.67 ± 0.67 50 100
Pseudomonas aeruginosa 14.66 ± 0.67 32.00 ± 0.58 50 100
Proteus vulgaris 15.66 ± 0.33 27.33 ± 0.33 25 50
Salmonella typhimurium 15.66 ± 0.88 31.00 ± 0.58 25 50
Shigella ﬂexneri 17.33 ± 0.33 27.33 ± 0.88 25 50
Shigella sonnei 17.66 ± 0.67 27.66 ± 0.88 25 50
± – Standard error; MIC – minimum inhibitory concentration; MBC – minimum bactericidal concentration.
a Mean of three assays.
b Diameter of the zone including the disc diameter of 6 mm.
4 K. Kannathasan et al.lupeol isolated from S. africana showed MIC values above
200 lg/ml against these bacteria. These values are higher than
the MIC values of the present study with epifriedelinol i.e.,
6.5 lg/ml. D-friedoolean-14-en-oic acid (3-acetylaleuritolic
acid) and epifriedelinol had the similar MIC values (50 lg/ml)
against E. coli. The mechanism of antimicrobial action of ter-
pene is reported to be closely associated with their lipophilic
character. Triterpenes inﬂuence membrane structures which
increase membrane ﬂuidity and permeability, changing the
topology of membrane proteins and inducing disturbances in
the respiration chain (Paduch et al., 2007).4. Conclusion
The problem of antibacterial resistance could be better under-
stood by studying increase in microbial resistance in relation to
antibiotic consumption. However, the discovery of new antibi-
otics especially from traditional medicinal plants might solve
the problem as the existing antibiotics are less effective. In this
context the epifriedelinol isolated from a traditional medicinal
plant V. peduncularis has antibacterial activity against a range
of bacterial species studied. Hence, epifriedelinol could be used
as a natural product against infections caused by the studied
bacteria. However, a detailed pharmacological investigation
of this compound in in vivo is necessary.Acknowledgements
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